Caveolae are protein-driven membrane invaginations that regulate both the physical and chemical composition of the plasma membrane. Sinha et al. (2011) now show that caveolae are membrane reservoirs that are used to rapidly buffer against changes in membrane tension.
The cell membrane exhibits fluid-like mechanical properties and is subject to a resting surface pressure that creates a well-defined membrane tension (Evans and Skalak, 1980) . Although cellular membrane tension primarily reflects the adhesion of the membrane to the cytoskeleton (Sheetz, 2001) , it is also affected by tension in the lipid bilayer. The magnitude of bilayer tension affects the packing of proteins and lipids in the membrane, influencing their properties at the molecular and supramolecular scale-for instance, many mechanosensitive channels are gated by membrane tension (Hua et al., 2010) . It is therefore not surprising that cells have evolved many ways of regulating tension to withstand changes in osmotic pressure, fluid shear, or mechanical deformation. Most of the mechanisms of compensation that have been invoked to date involve adding or taking away membrane through exo-or endocytosis, which occur over relatively slow timescales (Sheetz and Dai, 1996) . Flask-shaped membrane invaginations known as caveolae have also been implicated in the buffering against changes in plasma membrane composition and physical properties (Parton and Simons, 2007) . In this issue, Sinha et al. (2011) now provide evidence that caveolae allow cells to rapidly compensate for changes in membrane tension.
These findings build on the theoretical work of Sens and Turner (2006) , who proposed that membrane budding driven by protein coats (such as observed in stable caveolae) could constitute a membrane reservoir that is controlled by membrane tension (Figure 1 ). This, in turn, would impose an equilibrium tension regulated by the mechanical properties of these budded domains. Several simple predictions emanating from this analysis have provided the motivation behind the work of Sinha et al., who have directly investigated the role of budded caveolar domains as buffers of membrane tension.
The authors measured membrane tension using a membrane tether-pulling assay (Sheetz, 2001 ) while subjecting cells to a variety of means of altering membrane area, from osmotic swelling to elegant micromechanical devices specially designed for this study. Their findings show that it is indeed the budded profile of caveolar domains that act as reservoirs of membrane area, buffering against instantaneous changes in membrane tension. Sinha et al. further find that the role of preformed caveolae in buffering tension is a passive one; buffering of membrane tension occurs in ATP-depleted cells as well as in plasma membrane spheres detached from other intramembranous organelles. Whereas Sens and Turner suggested that the difference in chemical composition could drive the formation of budded domains due to passive budding mechanisms, Sinha et al. find that this is not altogether true in living cells. They make an important but unexpected discovery that the regeneration of caveolae during recovery from osmotic swelling or from the imposed physical perturbation requires ATP and is regulated by actin-based processes.
To establish a potential pathophysiological consequence of disrupting caveolae, the authors show that a mutation in caveolin 3 (P28L) associated with a familial form of muscular dystrophy called hyperCKaemia (FHCK) (Woodman et al., 2004) prevents the reformation of caveolae and the buffering of membrane tension. Although it is not known whether this form of muscular dystrophy is associated with increased membrane damage, such a mechanism for buffering against changes in membrane tension could be important for maintaining the integrity of muscles subject to continuous cycles of stretching and relaxation. In addition to muscle fibers, this newly discovered role of caveolae could function in a range of physiological contexts, including osmotic swelling of epithelial cells or mechanical stretching or shear stresses as experienced by endothelial cells. A thorough investigation of all of the known diseases of caveolin mutations, termed ''cavelinopathies'' (Woodman et al., 2004) , in the context of buffering against changes in membrane tension would likely help to clarify some of the reasons for the pleiotrophic phenotypes for these diseases.
These studies also raise intriguing questions about how cells maintain surface area homeostasis. It may seem paradoxical that several studies have shown that chronic membrane stresses lead to an increase in caveolar domains (Parton and Simons, 2007) , whereas Sinha and coworkers show that there is an instantaneous loss of caveolar domains accompanying an increase in membrane stresses. A potential explanation for this could involve the release of cavin, a key structural component of caveolae (Hill et al., 2008 ) that was originally characterized as a transcription factor called PTRF (Jansa et al., 2001) . In this scenario, cavin might activate transcriptional circuits that are necessary for the synthesis of new caveolae, thereby providing a bigger protective buffer against chronic stresses.
Further, how is a set point for membrane tension established? The ability to actively construct caveolar domains should allow the cell to establish a set point for the regulation of membrane tension (Figure 1 ). Consistent with this notion, Sinha et al. show that cells that lack caveolae, in addition to being unable to buffer changes in tension, exhibit very low values of membrane tension, at least in some cell types. This has important implications for understanding the role for caveolae in mechanosignaling and tensional homeostasis. Thus, further progress in this area hinges on ascertaining a detailed molecular mechanism behind the mechanical destabilization of caveolae upon the application of force and their active reconstruction following the cessation of the force. 
Figure 1. Caveolae Buffer against Rapid Changes in Membrane Tension
Caveolae (flask-shaped invaginations with striated coats containing the protein caveolin) act as passive membrane reservoirs buffering membrane tension by flattering out upon the application of force. This releases some caveolar coat components, the cavins (green circles), into the cytoplasm. Upon the removal of force, caveolae are reformed by ATP-dependent processes. It is tempting to speculate (gray arrows) that the released cavins trigger cellular processes to induce formation of additional caveolae, thereby increasing the number of caveolae and the size of the membrane reservoir. (Images of invaginated and flattened caveolae shown on the right are from Rothberg et al. [1992] ).
